In order to investigate the characterization of runoff in storm sewer from various urban catchments, three monitoring systems at different spatial scales have been installed separately, which have been held since July 2010 in urban area in Beijing (China). The monitoring data revealed that COD, TSS, TN, TP, and NH 3 -N values significantly exceed the Class V surface water quality standard developed by Ministry of Environmental Protection of the People's Republic of China (MEP). A surface solids buildup and wash off model for small watershed was adopted to analyze and discuss the process of a runoff pollutant discharge. More than a half of pollutant parameters presented a good fitting to the model. However, a slightly worsefitting to the wash off model appeared in less than half of the data. Due to the influence of sewer sediments, sewer system characteristics, catchment characteristics, etc, first flush was seldom observed in storm sewer runoff from these three survey areas. A strong correlation is observed between TSS and COD in sewer runoff. Meanwhile, a stronger correlation between TSS and any other pollutant is observed according to cumulative load of pollutants in runoff events. An Event Mean Concentrations (EMCs) approach was adopted to quantify the pollution of runoff. EMCs of various pollutants in storm sewer runoff between different rainfall events is slightly higher than the typical values observed in similar areas at home and abroad, according to other studies reported in literatures. Based on quantitative analysis, it can be concluded that urban nonpoint source pollution is recognized as the major causes of quality deterioration in the receiving water bodies after the point source pollution have been controlled basically in Beijing. Combined with the conditions of meteorology, hydrology, urban planning, existing drainage system, etc., an integrated strategy, which combines centralized and decentralized control, will be an effective and economic approach to urban runoff pollution control.
INTRODUCTION
Water quality deterioration is one of the serious problems we are facing in urban environment along with accelerating the development of Chinese cities. As early as 20 years ago, point source pollution has aroused widespread concern of scientists, environmentalists, government regulator, and the public in China, especially in Chinese developed cities, such as Beijing, Shanghai, Guangzhou, etc. From 2004 -2009 , Beijing's sewage collection rate increased from 59.1% to 94.3%, which has reached the level in developed countries (Beijing Water Authority, 2009) . Meanwhile, the proportion of water bodies inferior to the Class V surface water quality standard is general increasing year by year. Although the urban point source pollution has been basically controlled, the problem of urban water environment has not been effectively resolved in Beijing urban areas. It is high time to heed urban runoff pollution and put considerable emphasis on it. Investigation and relevant researches should be carried out to pursue an appropriate strategy and program implemented to reverse the present trend of water quality deterioration.
MATERIAL AND METHODS

Study area
In order to investigate the characterization of runoff from various urban catchments at different spatial scales, three monitoring systems have been installed in the experimental catchments of urban areas in Beijing (Figure 1 ).
Figure 1. Locations of the investigated areas and survey points
The three systems are all located in the downtown of Beijing, which are characterized by different kind of catchment. Survey point A and B were investigated the runoff from catchment, which consisted of road (for most part) and lawn. But survey point C was monitored the runoff from a complex catchment, which includes a different kind of catchments, such as road, roof, plaza, open space, parking lots, etc. There is a separated sewer system respectively in these three areas and the conditions of sampling and monitoring is easy to implement. Basic information of investigated areas is shown in Table 1 . 
Sample collection and testing
Three manual combined automatic monitoring stations were established at the outlets of these three catchments studied. Rain gauges were equipped to obtain the date of rainfall during storms. Sampling in the study catchment was carried out during the period from July to October in 2010. Sampling was grabbed at 1-10 min intervals in the first 60 min of storm events and then 20-30 min intervals for receding flow stage. A total of 18 samples were taken during a long duration rain event; while less than 12 samples were collected from events of short duration. The sample was calibrated to collect 500ml in a 600ml bottle per sample, and were recovered right after the rain event or very early the next morning (if rain occurred at night) and transported to the lab for testing TSS, COD, turbidity, TN, NH 3 -N, TP and PH using Standard Methods (APHA 1998). The sample was well mixed manually before preparing the sample for testing. If samples were not assayed upon arrived, the samples were kept in refrigerators until analyzed and were tested within 24 hours.
Characteristic of rainfall events monitored
Six rainfall events were sampled during the period from July to October, 2010 (Table 2) . 
RESULTS AND DISCUSSION
Surface solids buildup and wash off model for small watershed
Based on statistical analyses of many survey samples, which describe the relationship between pollutant concentration (COD, SS, TN, TP, etc) in runoff from building roof, road surface, atmosphere and the duration of storm event in urban areas in China, the following "first order" flush model is derived (W. Che, 2003) :
Where 0 C is pollutant concentration from catchment at the initial stage of a runoff event, mg/l; t C is pollutant concentration at duration t, mg/l; k is flush coefficient which reflects the multiple influence of flush intensity, the characteristics of catchments and pollutants etc, min -1 ; t is runoff event duration, min.
The analysis on the stormwater runoff from these three catchments monitored during 2010 suggests that there is a better model fitting in the catchment consisted of road (survey point A and B) than the catchment consisted of several kinds of catchment (survey point C). The data for SS from survey point A and B is taken as an example (Figure 2) . Results show reasonable regression equations and degree of fit. The SS values at the initial stage of runoff from survey point A and B range from 168.79~1069.9 mg/l. The values of k range from 0.0071 to 0.0443, and R 2 varied from 0.05~0.85. It can be concluded that the discharge process of several pollutants in sewer runoff is similar to the process in runoff from small watershed (building roof, road surface, parking lots, etc). But a much lower degree of fit for nearly half of pollutants is appeared. When runoff flow into a sewer, due to the multiple influence of flush intensity, the characteristics of catchments and pollutants, the pollutant discharge process gradually deviate from the wash off model. The simplification of catchment's constitution and the small scale of drainage system as survey point A and B are, there is not an extremely significant influence for some pollutant appeared in this two sewer runoff monitored. The analysis also shows that pollutant discharge process completely deviate from the wash off model in survey C, as a result of the influence of multiple factors apparently. 
First flush
A First Flush phenomenon occurs when most of the event load is transported in the initial part of the event discharged volume. Generally, plotting the normalized cumulative pollutant mass vs. the normalized cumulative runoff volume curve (LV curve) assesses the first flush (Lee and Bang, 2000; John et al., 2004 ). An LV curve lying above the bisector would represent a first flush condition. An LV curve lying below the bisector represents a condition where the majority of the pollutant load was not delivered until the later stages of the runoff event, which means that last flush occurs. The term, "last flush", was noted in some literature (Hager, 2001) as an antagonistic term to first flush, which is defined as the high pollutant load in the later part of stormwater runoff. The storm sewer network, the different pollutant concentration in different inlets of stormwater sewer and stormwater sewer sediment are possible causes for the occurrence of last flush. According to the definition and method discussed above, the curves of major pollutants from sewer runoff in survey point C were reproduced for two typical rainfall events respectively (Figure 3 ). In accordance with definition and LV curve method above, first flush of COD, TSS, TN, TP is observed in more than 60% of the monitored rainfall events in survey catchments A and B, but first flush was seldom observed in the catchment at survey point C due to the influence of sewer sediments, sewer system characteristics, catchment characteristics, etc. 
Cumulative correlations between TSS and other pollutant parameters
As the wide concentration ranges for the constituents it was suspected that, due to the high percentage of particulate matter and pollutants in particulate form, a connection between the individual pollutant concentrations exists. In order to assess possible relationships between parameters analyzed, a correlation analysis was performed. In the past researches, it has been shown that the instantaneous concentration of a pollutant in urban runoff is the main object of correlation analysis. However, the variation of instantaneous concentration cannot completely represent an actual process of urban runoff pollutant emissions. Assessing possible relationships between the analyzed parameters should be integrated with the runoff volume emission process. Generally, plotting the normalized cumulative pollutant (A) mass vs. the normalized cumulative pollutant (B) mass assesses the relationships between pollutant A and pollutant B. According to the method above, correlation analysis for TSS and other pollutant parameters was illustrated in Figure 4 . Correlation coefficients between TSS and other pollutant parameters were shown in Table 3 . 
Event mean concentrations
The event mean concentration (EMC) of a pollutant parameter for a runoff event is defined as the flow-weighted average concentration of the pollutant that has been discharged during the event (USEPA 1982) . For this study, EMCs of different pollutants were calculated. EMCs of COD in runoff range from 150~300mg/L. The range of SS, TN, TP is 200~400mg/l, 5~20mg/l and 0.5~2mg/l respectively. EMCs of pollutants are slightly lower than the value of the corresponding pollutant parameters of local sewage. Moreover, these values are much exceed the Class V surface water quality standard developed by Ministry of Environmental Protection of the People's Republic of China (MEP). Meanwhile, EMCs of different pollutants are slightly higher than the median number of the value of foreign researches. Some pollutant even are close to the maximum (Brombach et al, 2005; Burton and Pitt, 2002; Pradeep K. Behera, 2002) . Through analysis and comparison between this study and relevant researches reported in literatures at home and aboard, it can be concluded that urban runoff pollution in Chinese developed cities (Beijing, Shanghai, etc) is much more serious than some developed countries, a similar conclusion has been proposed by some Chinese scholars (Che et al, 2004; Li et al, 2007 ).
An integrated runoff control strategy
Based on the characteristics of runoff from various urban catchments above, urban runoff pollution can no longer be ignored because of serious impact on water environment and ecosystem. If urban runoff cannot be treated and discharge to the water-body directly, it will be a huge obstacle to maintaining a good urban waterscapes, designing a healthy urban water ecosystem, creating a sustainable urban water environment. Combined with the conditions of meteorology, hydrology, urban planning, existing drainage system, etc, an integrated strategy, which combines centralized and decentralized control, will be an effective and economic approach to urban runoff pollution control in Beijing ( Figure 5 ). The Basic principles of the integrated strategy can be demonstrated as follows.
 Non-point source pollution control is the core and key of protecting the quality of an urban water body and maintaining a healthy and sustainable urban water environment.  The control of total amount load should pay more attention on and put considerable emphasis on it.  The strategy includes centralized and decentralized technologies at various spatial scales.  According to function of urban planning for a city subdivision, specific stormwater planning and corresponding implementation, which emphasize a main aspect of stormwater management, such as urban pollution control, flooding control, ecological restoration, rainwater harvesting, etc, was developed respectively. 
The non-structural practices should be adopted into the integrated strategy to achieve the target of urban runoff pollution control and water environment restoration. 
CONCLUSIONS
Based on integrated analysis results of the experiment in 2010 and researches in the past 10 years, conclusions are made as follows: First flush is not a universal phenomenon in urban stormwater, especially when runoff flows into a sewer system. First flush is common and pronounced in runoff from small catchment; it can be seldom observed in an extremely large catchment when stormwater flow into a sewer; there is an uncertainty in sewer runoff from a simple and small catchment due to the less influence of multiple factors. A method of correlation analysis combined the runoff volume emission process was used to analysis the relationship between TSS and other pollutant parameters. The results revealed that there are obvious relationships between TSS and other pollutants in a runoff emission process. It also indicates that TSS can be acted as a representative pollutant in urban runoff (i.e. When TSS has been controlled; other pollutants would be controlled largely at the same time). However, EMCs of runoff is equal to or even higher than the median number of values in some researches previously. Moreover, these values are much exceed the Class V surface water quality standard developed by Ministry of Environmental Protection of the People's Republic of China (MEP). Urban runoff pollution is a huge obstacle to maintaining good urban waterscapes, designing a healthy urban water eco-system, creating a sustainable urban water environment. An integrated strategy, which combines centralized and decentralized control, will be an effective and economic approach to urban runoff pollution control in Beijing.
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